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β-Ga2O3 是一种超宽禁带半导体材料（禁带宽度为 4.9 eV），具有很好的电学










方向的单晶 β-Ga2O3 纳米线。本文的主要内容和研究结果包括以下几个方面： 
1、在高温常压条件下（1150 oC）热退火氧化镀有 8nm Pt 催化剂的 GaN 衬
底 1h，在 GaN 衬底上制备出高密度的纳米线和纳米带，纳米线的直径为几十纳
米，纳米带的宽度为上百纳米，纳米线和纳米带的长度均达到几十微米。通过
XRD 和 TEM 表征得出制备的纳米线和纳米带为单斜结构的 β-Ga2O3，且晶体质
量高，最优生长方向为（-201）面。 
2、分析讨论了实验参数（温度、催化剂、氧化时间）对 β-Ga2O3 纳米材料
形貌与结构的影响。当退火温度小于 1000 oC 时，几乎不能制备出 β-Ga2O3 纳米
线、纳米带和纳米片等结构，这主要是因为 GaN 材料在 1000 oC 以下不能快速有
效地分解来提供 β-Ga2O3 纳米材料生长所需要的 Ga 源。当温度大于 1050 oC 时，
开始有 β-Ga2O3 纳米线、纳米带和纳米片等结构生成，且在一定范围内温度越高
晶体质量越好；催化剂是热退火 GaN 衬底制备 β-Ga2O3 纳米结构所必须的条件。
在催化剂颗粒尺寸较小时，产物主要是纳米片，是 VLS 机制和 VS 机制共同作
用的结果。在催化剂颗粒尺寸较大时开始生成纳米线，在一定范围内，随着 Pt
颗粒尺寸的增加纳米线的直径增大；在 1150 oC 热退火 GaN 衬底时，最初生成纳
米线，但随着氧化时间增加，纳米线开始横向生长转化成纳米带。 


















通过多次实验摸索出一套实验参数，利用 GaN 纳米晶包裹 Pt 颗粒自组织生长法

























Monoclinic gallium oxide (β-Ga2O3) has a bandgap of 4.9 eV and expected 
dielectric strength and Baliga's figure of merit larger than those of GaN and SiC and 
promises high-performance power device applications. β-Ga2O3 materials with 
excellent electrical and optical properties have been extensively applied in ultraviolet 
transparent electrodes, high-temperature gas sensors, and solar-blind photodetectors. 
In this thesis, different β-Ga2O3 nanostructures were synthesized by thermal 
annealing and oxidation of GaN films via vapour-liquid-solid (VLS) mechanism and 
vapour-solid (VS) mechanism. Various characterization techniques such as scanning 
electron microscopy (SEM), energy dispersive spectrometer (EDS), X-ray 
photoelectron spectroscopy (XPS), transmission electron microscopy (TEM), X-ray 
diffraction (XRD), Raman spectroscopy (Raman) and cathodoluminescence (CL) 
were employed to investigate the morphology, composition, microstructures and 
luminescence properties of the synthesized β-Ga2O3 nanostructures. The influences of 
growth parameters (temperature, catalyst, oxidation time) on morphology and 
structure of β-Ga2O3 nanomaterials were studied. Self-consistent growth of 
single-crystalline (-201) β-Ga2O3 nanowires using a flexible GaN seed crystal 
self-organizing around Pt droplets was proposed and demonstrated. The major content 
and research results are as follows: 
1. High-density nanowires and nanobelts were synthesized on GaN substrates via 
thermal annealing and oxidation of Pt-coated GaN films at 1150 oC for 1 h. The 
average diameters of nanowires are tens of nanometers and the average widths of 
nanobelts are hundreds of nanometers, and their lengths are up to tens of micrometers. 
The as-synthesized nanowires and nanobelts were monoclinic gallium oxide (β-Ga2O3) 
with high crystalline quality and (-201) orientation. 
2. The influences of growth parameters (temperature, catalyst and oxidation time) 
on the morphology and structure of β-Ga2O3 nanomaterials were studied. It is difficult 
to synthesize the β-Ga2O3 nanostructures (nanowires, nanobelts and nanosheets) 















sufficient Ga source, whereas began to grow over 1050 oC, and the crystal quality of 
β-Ga2O3 nanostructures increases as the temperature rises within a certain range. The 
catalyst is necessary for synthesizing β-Ga2O3 nanostructures by thermal annealing 
and oxidation of GaN films. In case of the Pt film within 2 nm, the as-synthsized 
nanostructures were mainly nanosheets, but In case of the Pt film over 5 nm, the 
as-synthsized nanostructures were mainly nanowires, and the diameters of β-Ga2O3 
nanowires strongly depend on the size of catalyst. When GaN annealing at 1150 oC, 
the initial products were β-Ga2O3 nanowires, as time progresses the nanowires began 
to grow transversely to transform into nanobelts. 
3. A new growth mode of β-Ga2O3 nanowires was proposed, namely 
self-consistent growth of single-crystalline (-201) β-Ga2O3 nanowires using a flexbile 
GaN seed nanocrystal. Firstly, the new growth mode was theoretically demonstrated, 
and the epitaxial relationship between β-Ga2O3 and wurtzite GaN is identified as (-201) 
β-Ga2O3∥ (0001)GaN, (201)β-Ga2O3∥ (1-100)GaN and (010)β-Ga2O3∥ (11-20)GaN, 
and the lattice mismatch between β-Ga2O3 (-201) and GaN(0001) is ∼7.2%. Secondly, 
a set of parameters were groped by means of repetitious experiments to synthesize 
single-crystalline (-201) β-Ga2O3 nanowires through new growth mode, which was 
verified by XRD, XPS, SEM-EDS, TEM and Raman analyses. 
4. β-Ga2O3 nanomaterials of twin, flag and zigzag structures have been 
synthesized and investigated. 
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微电子和光电子器件成为可能。还有研究表明，直径 20 nm 的纳米铁材料的矫顽

































Ga2O3 是一种Ⅲ-Ⅵ族超宽禁带半导体材料，禁带宽度高达 4.9 eV。表 1-1 为
GaN 与 Si、GaN、SiC 和金刚石的物性比较。Ga2O3 禁带宽度远高于 GaN、SiC
和 Si 的禁带宽度。Ga2O3 与 GaN、SiC 和 Si 相比，具有更高的击穿电场和巴利




表 1-1Ga2O3 与 Si、GaN、SiC 和金刚石的物性比较[10] 
材料 β-Ga2O3 Si SiC GaN 金刚石 
带隙（eV） 4.9 1.1 3.3 3.4 5.5 
迁移率 
（cm2/Vs）
300 1400 1000 1200 2000 
击穿场强 
（MV/cm）
8 0.3 2.5 3.3 10 
相对介电常
数 
10 11.8 9.7 9 5.5 
热导率
（W/cmK）
0.14 1.5 4.9 1.3 20 
巴利加优值 3444 1 340 870 24664 
 
Ga2O3 通常有α-Ga2O3、β-Ga2O3、γ-Ga2O3、δ-Ga2O3、ε-Ga2O3 五种同分异构
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